Pluripotent stem cells from human bone marrow can be identified in culture by their ability to form multilineage hematopoietic colonies containing different myeloid lineages and T cells of different phenotypes. The observation of a common progenitor of myeloid and lymphoid cells in normal and disturbed hematopoiesis prompted the question of whether B cells are part of the differentiation program of stem cells. The availability of hybridomas of azaguanine-resistant T-cell lines secreting monoclonal growth factors for B cells and clinical conditions that are considered to originate from malignant B cells might facilitate this investigation. We were able to identify surface immunoglobulin and B-cell-associated antigen-positive cells within such colonies, indicating that B cells are generated from a myelolymphopoietic stem cell. This report describes the presence of B cells in these colonies derived from bone marrow cells of patients with non-Hodgkin lymphoma.
ABSTRACT
Pluripotent stem cells from human bone marrow can be identified in culture by their ability to form multilineage hematopoietic colonies containing different myeloid lineages and T cells of different phenotypes. The observation of a common progenitor of myeloid and lymphoid cells in normal and disturbed hematopoiesis prompted the question of whether B cells are part of the differentiation program of stem cells. The availability of hybridomas of azaguanine-resistant T-cell lines secreting monoclonal growth factors for B cells and clinical conditions that are considered to originate from malignant B cells might facilitate this investigation. We were able to identify surface immunoglobulin and B-cell-associated antigen-positive cells within such colonies, indicating that B cells are generated from a myelolymphopoietic stem cell. This report describes the presence of B cells in these colonies derived from bone marrow cells of patients with non-Hodgkin lymphoma.
In the past, developmental methods for examining hematopoiesis began to influence concepts of studying hematological malignancies. A different approach became possible as cell culture procedures were established for committed hematopoietic progenitors and, more recently, for noncommitted multilineage hematopoietic stem cells (1) (2) (3) (4) (5) . These primitive progenitors derived from human bone marrow can be identified in culture by their ability to form mixed hematopoietic colonies containing basophilic, eosinophilic, and neutrophilic granulocytes, erythrocytes, erythroblasts, macrophages, megakaryocytes, and T cells of different phenotypes. The observation of a common progenitor of myeloid and lymphoid cells in normal and disturbed hematopoiesis leads to the question of whether B cells are part of the differentiation program of human stem cells in culture. In the present study, we attempted to induce B-cell differentiation of marrow cells from patients with non-Hodgkin lymphoma. We were able to identify surface immunoglobulin (sIg) and B-cell-associated antigen-positive cells within such hematopoietic colonies containing different myeloid lineages.
MATERIALS AND METHODS
Patients. Bone marrow samples were obtained from eight patients with lymphocytic lymphoma (well-differentiated lymphocytic lymphoma).
Preparation of Leukocyte Conditioned Medium. Conditioned medium was prepared from peripheral leukocytes of normal individuals (6 CO2.
Preparation of Cell Suspensions. Bone marrow samples were aspirated into heparanized syringes. Mononuclear cells (density, <1.077 g/ml) were obtained after centrifugation in Ficoll-Paque (Pharmacia). Mononuclear cells were incubated sequentially in antibody-coated dishes using B1, B2 (Coulter) (7, 8) , and BA1 (Hybritech, San Diego, CA) (9) for 20 min at 40C. The supernatant containing nonadherent and B-cell-depleted cells was plated as outlined. The supernatants were analyzed for B cells by the peroxidase-antiperoxidase slide technique (10, 11) using the same antibodies as described above. The examined aliquots contained <1% cells that stained positive for B1, B2, or BAL. Normal bone marrow gave similar depletion by the same procedures.
Assessment by Fluorescence-Activated Cell Sorting. Mononuclear bone marrow cells from these patients were examined for cells positive for B-cell-associated antigens using a fluorescence-activated cell-sorting system. Cells were incubated with the monoclonal antibodies in B1 and B2 and subsequently labeled with the F(ab')2 fragment of goat-antimouse IgG and IgM. Nonviable cells could be identified by labeling the cell suspension with ethidium bromide. The cell preparations were analyzed for forward light scatter, perpendicular light scatter, fluorescein isothiocyanate fluorescence, and red fluorescence (ethidium bromide). Nonviable cells could be excluded by gating out fluorescence cells. Platelets, debris, and erythrocytes were excluded by threshold limitation for high forward scatter intensities. One argon laser (514 nm) was used to excite the ethidium-labeled cells; the second argon laser (488 nm) was used to analyze anti-B1, anti-B2 goat anti-mouse fluorescein isothiocyanate-positive cells.
It was found that 12%-27% and 8%-19% of the analyzed unfractionated bone marrow cells were positive for B1 and B2, respectively, whereas <1% of cells derived from each individual supernatant after the panning procedure were found to be positive for B1 and B2.
These subcellular fractionations are very crucial to confirm that the depletion experiments yielded marrow-cell preparations without any contamination by B cells that contribute significantly to mixed colony formation.
Colony Assay for Hematopoietic Progenitors. Mixed hematopoietic colonies (1-5), erythroid bursts (12) , and granulocytic colonies (13) 4 of culture in a vol of 100 ,ul. Each dish was examined after an additional 10 days of incubation for the presence of hematopoietic colonies-i.e., erythroid bursts, granulocytic colonies, and multilineage colonies. Mixed hematopoietic colonies were identified at day 14 by their characteristic morphological appearance. These colonies contained cells with the red color typical for hemoglobin admixed with colorless and translucent cells of various sizes. For further analysis, mixed hematopoietic colonies, erythroid bursts, and granulocytic colonies were removed from the cultures by micropipette.
Examination of Hematopoietic Colonies for s1gM and sIgD and for B-Cell-Associated Antigen-Positive Cells with the Use of the Peroxidase-Antiperoxidase Slide Technique. Individual multilineage colonies, erythroid bursts, and granulocytic colonies were aspirated by micropipette from the cultures and washed in Iscove's modified Dulbecco's medium (5 min; 300 g). Aliquots were transferred onto poly-L-lysine (Sigma)-coated wells on glass slides. Poly-L-lysine allows firm attachment of viable cells to the positively charged surface of the wells; the area between the wells was coated with a compound that repels protein-containing solutions (Rain X, Unelko, S. Holland, IL). The slide preparation and details of the peroxidase-antiperoxidase assay have been described (10, 11) . Cells derived from each individual colony that were attached to the charged surface of the well were fixed with 0.05% glutaraldehyde in 0.1 M phosphate buffer (pH 7.4) to block Fc receptors and to preserve cell morphology. Cells were stained either with the monoclonal antibodies anti-human IgM and anti-human IgD (Bethesda Research Laboratories) or with the B1 antibody (Coulter). Control experiments were performed with f32-microglobulin and the different sandwich antisera-i.e., swine anti-rabbit and rabbit anti-mouse. the cultures and were examined for the coexistence of lymphopoietic progeny-i.e., B cells (Fig. 1) . sIg and B1 positive cells could be identified in multilineage colonies from six of eight patients ( Table 1 ). The frequency of B cells observed in the examined mixed colonies ranged from 0% to 37%. The number of positive cells per colony ranged from 0 to 340 cells (173 ± 46, mean ± SD). In contrast to multilineage colonies, cells derived from individual erythroid bursts and granulocytic colonies did not stain for sIg and for antibodies to Bcell-associated antigens. Bone marrow cells of five healthy individuals were cultured under identical culture conditions as described. Individual multilineage colonies, erythroid bursts, and granulocytic colonies were examined for the presence of cells reacting with the monoclonal anti-B-cell antibodies. Unlike colonies from non-Hodgkin lymphoma, none of 65 examined mixed colonies from normal bone marrow revealed cells that stained positive with B-cell-associated antigens. The same results were obtained for erythroid bursts and granulocytic colonies.
DISCUSSION
A culture assay for human multilineage hematopoietic progenitors has been established (1, 2). These primitive progenitors form mixed colonies containing lymphopoietic and myeloid cells of different lineages (3) (4) (5) . Recloning experiments of multilineage colonies indicated that some fulfill criteria of stem cells (15)-i.e., they display self-renewal capacity and pluripotency and are subject to regulatory control mechanisms. The single cell origin of multilineage hematopoietic colonies was confirmed by the following evidence. (i) The (15) (16) (17) . (v) Examination of mixed colonies derived from individuals who were heterozygous for the Xlinked glucose-6-phosphate-dehydrogenase locus (18) . In this study, bone marrow cells were depleted of B-cell-associated antigen-positive cells using the monoclonal antibodies B1, B2, and BA1 sequentially. The supernatants containing nonadherent and B-cell-depleted cells were In the murine system, cytogenetic evidence for the coexistence of a pluripotent stem cell capable of differentiating into myeloid and lymphoid progeny including both B and T lymphocytes had been provided by Abramson et al. (19) . The data presented suggest a stem cell capable of differentiating into myeloid cells and cells that are positive for B-cell-associated antigens and sIg in patients with lymphocytic lymphoma.
The lack of B cells in multilineage hematopoietic colonies derived from healthy volunteers so far might be explained by a different state of responsiveness and thus can be seen in lymphoma; perhaps improved culture conditions through the addition of other growth factor(s) would elicit normal B cells.
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